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Abstract 
Injectivity is one of several key parameters that determine the effectiveness of the geologic formation targeted for CO2 injection. 
In general, the injectivity depends on various factors including the formation permeability, formation thickness, relative 
permeability, and porosity reduction due to mineral precipitation. Salt-precipitation caused by evaporation of brine into the CO2
stream near injection well is one of the important factors that reduce the injectivity. The objective of this study is to evaluate the 
effect of parameters such as formation permeability, porosity, residual gas saturation, and residual liquid saturation on salt-
precipitation and corresponding permeability (k) reduction. Specific combination of injection rate and permeability caused a 
dramatic increase of solid NaCl saturation at the lower part of aquifer, which contributes to high pressure build-up and eventually 
lowers the injectivity. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
In order to implement cost-effective geological CO2 storage technology, a large injection rate is required to 
reduce the number of injection wells to be drilled. Thus, injectivity is one of the important consideration in CO2
geological storage. The injectivity depends on various factors including the formation permeability, formation 
thickness, relative permeability, and porosity reduction due to mineral precipitation. Salt-precipitation caused by 
brine evaporation into the supercritical CO2 stream near injection well is one of the important factors that reduce the 
injectivity. 
Continuous injection of supercritical CO2 into the saline aquifers potentially develops a dry-out zone in the 
vicinity of the injection well where solid NaCl is precipitated [1-3]. The salt-precipitation leads to the reduction of 
porosity and permeability and consequently produce a severe loss of well injectivity. 
The objective of this study is to evaluate the effect of hydraulic parameters on salt-precipitation in dry-out zone. 
The simulations were carried out with TOUGH2 [4], which is a general-purpose numerical simulator for 
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multicomponent, multiphase fluid flow. ECO2N was used as a fluid property module, which calculates fluid 
properties for the system water/CO2/NaCl [5]. In the ECO2N/TOUGH2, salt-precipitation, which holds our interest, 
is petrophysically characterized by solid NaCl saturation as the fraction of the pore space occupied by solid salt. The 
permeability reduction was modeled with the ‘tubes-in-series’ model [6]. 
2. Model setup 
A two-dimensional radial model was designed to assess the spatial distribution of pressure build-up and CO2
plume over time. The model extends horizontally to 10,000 m and the thickness of the aquifer is 100 m. The 
formation was vertically divided into 10 layers. The grid size was selected to be 0.1 m near well, and increased with 
increasing distance from the well. The pressure and temperature at reservoir conditions were calculated with 
gradients of 0.1 bar/m and 0.025/m for the surface conditions of 15 and 1 bar. As the target formation is 
considered to be -1,000 m from the surface, the reservoir pressure and temperature values were set to be 101 bar and 
40 . The relative permeability curves were obtained using Corey model and capillary pressure curves were 
obtained using the van-Genuchten model. CO2 was injected at a constant rate of 5 kg/s for 3 years. We ignored 
temperature variation and chemical reaction during the simulation. 
We performed 16 different model cases and the values of input parameters are shown in Table 1. 
Table 1. Parameter values used for each model case 
reservoir permeability 
reduction k [mD]  Slr Sgr
Case 1 10 0.1 
0.3 0.05 
No
Case 2 10 0.1 
Yes
Case 2-1 50 0.1 
Case 2-2 75 0.1 
Case 2-3 100 0.1 
Case 2-4 250 0.1 
Case 2-5 10 0.2 
Case 2-6 10 0.3 
Case 2-7 
10 0.1 
0.3 
0.10 
Case 2-8 0.15 
Case 2-9 0.20 
Case 2-10 0.25 
Case 2-11 0.25 
0.05 
Case 2-12 0.20 
Case 2-13 0.15 
Case 2-14 0.10 
3. Results and discussion 
3.1 Effect of permeability 
We first investigated the effect of permeability on salt-precipitation near injection well. The permeability was 
varied from 10 mD to 50 mD, 75 mD, 100 mD, and 250 mD while other parameters were kept constant (Case 2, 2-1, 
2-2, 2-3, and 2-4). Figure 1 shows the variation of solid NaCl saturation and k-reduction for each model case. The 
dry-out zone at the upper part of the target formation (-1,000 m) extended up to 9 m from the injection well 
regardless of permeability, and the solid saturation was in a range of 0.03-0.06. However, the degree of salt-
precipitation at lower part of formation (-1,100 m) extremely differed according to the permeability. The extension 
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of the dry-out zone decreased from 9 m to 3 m as the permeability increased from 10 mD to 250 mD. In addition, 
the degree of salt-precipitation showed a dramatic increase at the vicinity of two-phase region.  
When permeability was set as 10 mD (Case 2), the solid NaCl saturation showed a constant value of 0.03 
throughout the dry-out zone. However, as the permeability increased up to 75 mD (Case 2-2), the extension of dry-
out zone decreased to 6 m, and the solid saturation at the margin of dry-out zone rapidly increased up to 0.08 and 
decreased exponentially to a value of 0.03. In case the permeability was set to 250 mD, the extension of dry-out 
zone decreased to 3 m, and the solid saturation at the margin of dry-out zone rapidly increased up to 0.14. The 
permeability reduction was found to result from solid saturation. The simulation results showed that the permeability 
was reduced to 40% of the initial permeability when permeability of the formation have been increased from 10 mD 
to 75 mD. Moreover, in case the permeability was increased up to 250 mD (Case 2-4), the permeability was reduced 
to 40% of the initial permeability.  
The decrease of dry-out zone extension with increasing permeability is because more CO2 tends to migrate 
upward at higher permeability and as a result, more dense brine sink downward and continuously supply NaCl 
which is why more NaCl precipitates at lower part of formation. 
Figure 2 shows the solid saturation and pressure distribution for model case 2-4. The solid saturation profile 
presents that the solid saturation at the bottom of the aquifer has increased up to the value of 14.5%. The solid 
saturation at the margin of two-phase region served as a barrier in the aquifer and caused a pressure build-up up to 
12 MPa. This pressure build-up causes negative effect on injectivity. 
GGG G
GGG G
Figure 1. Solid saturation and k-reduction profile for model case 2 and model cases 2-1 through 2-4 (upper panels show 
the results obtained at -1,000 m and lower panels show the results obtained at -1,100 m). 
4534 K.-Y. Kim et al. / Energy Procedia 4 (2011) 4532–4537
4 Author name / Energy Procedia 00 (2010) 000–000 
GG G
Figure 2. Solid NaCl saturation and pressure distribution for model case 2-4. 
3.2 Effect of porosity 
In this section, we investigated the effect of porosity on salt-precipitation and k-reduction. Figure 3 shows the gas 
saturation, solid NaCl saturation and k-reduction profiles of the model cases 2, 2-5, and 2-6 obtained at the lower 
part of the aquifer (-1,100 m). The permeability was set as 10 mD and the porosity was changed from 0.1 to 0.2 and 
0.3. The gas saturation profile showed that the extension of dry-out zone was about 8 m when the porosity was set as 
0.1. As porosity increased to 0.2 and 0.3, the range of dry-out zone decreased to 6 m and 5 m, respectively. The 
solid saturation profile showed that even though the extension of dry-out zone varied with different porosity value, 
the degree of solid saturation was constant with a value of 3% regardless of porosity. The simulation results showed 
that the permeability was reduced to 70% of the initial permeability. 
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Figure 3. Gas saturation, solid saturation and k-reduction profiles of the model cases 2, 2-5, and 2-6 (upper panels show 
the gas saturation and solid saturation profile; lower panels show the solid saturation and k-reduction). 
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3.3 Effect of residual liquid and gas saturation 
In order to investigate the effect of residual gas saturation (Sgr) and residual liquid saturation (Slr), we simulated 
model case 2 and model cases 2-7 through 2-14. All results shown in Figure 4 were obtained at the lower part of the 
aquifer (-1,100 m). Residual liquid saturation was fixed as 0.3 and changed residual gas saturation from 0.1 to 0.25. 
Although there was a slight decrease of solid saturation with increasing residual gas saturation, the effect of Sgr on 
salt-precipitation and k-reduction was insignificant. A continuous CO2 injection during the simulation minimized the 
effect of the residual gas saturation. To see the effect of residual liquid saturation, we set Sgr as 0.05 and decreased 
Slr from 0.25 to 0.10 and investigated the solid saturation and k-reduction. The simulation results showed that the 
solid NaCl saturation decreased from 0.03 to 0.02. The decrease of residual liquid saturation renders a decrease of 
amount of brine to be evaporized in a CO2 stream, and thus decreases the solid saturation. 
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Figure 4. Solid saturation and k-reduction profile for model case 2 and model cases 2-7 through 2-14 (upper panels show 
the effect of residual gas saturation and lower panels show the effect of residual liquid saturation).
4. Conclusions 
This study investigated the effect of salt-precipitation at dry-out zone and how this affects to the permeability 
reduction which eventually caused the pressure build-up at the CO2 storage formation. For this purpose, we have 
developed 2-D radial model and simulated 16 different model cases. As the permeability increased from 10 mD to 
250 mD, the extension of dry-out zone decreased from 9 m to 3 m at lower part of formation, and the degree of salt-
precipitation showed a dramatic increase at the vicinity of 2-phase region. This is due to the continuous supply of 
salt from the brine with the relation with permeability. High salt-precipitation at the lower part of the aquifer caused 
the reduction of permeability, and accordingly increased the pressure, which renders the injectivity decrease. An 
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increase of porosity lessened the extension of dry-out zone, but there were no significant change in solid saturation 
and k-reduction value. A continuous CO2 injection during the simulation minimized the effect of the residual gas 
saturation while there was a decrease of solid saturation with decrease of residual liquid saturation. 
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